Crystal structure of GlcAT-S, a human glucuronyltransferase, involved in the biosynthesis of the HNK-1 carbohydrate epitope.
The HNK-1 carbohydrate epitope is found in various neural cell adhesion molecules. Two glucuronyltransferases (GlcAT-P and GlcAT-S) are involved in the biosynthesis of HNK-1 carbohydrate. Our previous study on the crystal structure of GlcAT-P revealed the reaction and substrate recognition mechanisms of this enzyme. Comparative analyses of the enzymatic activities of GlcAT-S and GlcAT-P showed that there are notable differences in the acceptor substrate specificities of these enzymes. To elucidate differences between their specificities, we now solved the crystal structure of GlcAT-S. Residues interacting with UDP molecule, which is a part of the donor substrate, are highly conserved between GlcAT-P and GlcAT-S. On the other hand, there are some differences between these proteins in the manner they recognize their respective acceptor substrates. Phe245, one of the most important GlcAT-P residues for the recognition of acceptors, is a tryptophan in GlcAT-S. In addition, Val320, which is located on the C-terminal long loop of the neighboring molecule in the dimer and critical in the recognition of the acceptor sugar molecule by the GlcAT-P dimer, is an alanine in GlcAT-S. These differences play key roles in establishing the distinct specificity for the acceptor substrate by GlcAT-S, which is further supported by site-directed mutagenesis of GlcAT-S and a computer-aided model building of GlcAT-S/substrate complexes.